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Document Conventions

In addition to the use of italics for names of documents, the font conventions that are used in
this document are summarized in the table below.

Font Example Use

Sans serif Project Table Names of GUI features, such as panels, menus,
menu items, buttons, and labels

Monospace $SCHRODINGER/maestro File names, directory names, commands, envi-
ronment variables, and screen output

Italic filename Text that the user must replace with a value
Sans serif CTRL+H Keyboard keys
uppercase

In descriptions of command syntax, the following UNIX conventions are used: braces { }
enclose a choice of required items, square brackets [ ] enclose optional items, and the bar
symbol | separates items in a list from which one item must be chosen. Lines of command
syntax that wrap should be interpreted as a single command.

In this document, to type text means to type the required text in the specified location, and to
enter text means to type the required text, then press the ENTER key.
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Chapter 1

About This Tutorial

This document is designed to show you how to use the basic capabilities of Maestro, in easy
steps. In the early parts of the book, we will explain everything in great detail—what to do with
the mouse, where to click, where buttons are, and so on—so you aren’t missing any part of the
procedure. At the same time, we’ll provide a more compact notation for explaining what to do.
Later in the book, we’ll use the compact notation, with references back to the explanation, and
still later, we’ll just use the compact notation. By that time, you’ll have learnt what it means
and how to perform the actions, and won’t need the detailed explanation. But it’ll always be
there to refer back to.

This tutorial is designed for you to work through from the beginning, but you can start at any of
the chapters if you so desire. However, the explanations in the later chapter are more compact,
so you might have to go back to the earlier chapters to find out how to perform an action.

If you are reading this book online, you may notice that there are words that are marked in an
indigo color, like this: Contents. These are links to other parts of the book. If you click on the
word in your PDF reader, it takes you to the other part of the book. To go back to the place you
came from, click the Back button in your PDF reader. Try it with the word Contents, above. It
will take you to the table of contents for this book.

There are also indigo-colored links to various sections of the Maestro User Manual. These
links are provided so you can read more about the feature you are working with, if you are
interested. Clicking on these links takes you to the section referred to. Try clicking the words
Maestro User Manual in the first sentence of this paragraph, then click the Back button.
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Chapter 2

Starting Maestro and Viewing
Molecules

Maestro™" is a freely available, full-featured molecular visualization environment that also
serves as the interface to all of Schrédinger’s computational chemistry software. When coupled
with Schrodinger software such as Glide™, Prime"™, or Phase"", Maestro is a powerful tool for
interpreting, managing, and sharing the results of computational experiments. As a standalone
program, Maestro is an easy-to-use tool for building, visualizing, and sharing 3-dimensional
chemical models. In this tutorial, you’ll learn how to perform these simple tasks using
Maestro’s intuitively designed interface. Working through the exercises in this chapter, you’ll
start Maestro, import structure files, and learn how to view them in the Maestro Workspace.

Maestro is designed to run on Linux, Windows, and SGI machines, but can be displayed over a
network to many commonly used platforms. With a little effort, Windows users can also install
one of many Linux distributions on their PCs. Not only do these distributions include easy-to-
operate graphical user interfaces, but they can be installed on a computer without removing the
Windows operating system.

2.1 Copying the Files You Need To Run this Tutorial

To perform the exercises in this tutorial, you’ll need to make sure that you have the structures
easily accessible. These structures can be copied from the Maestro tutorial subdirectory in the
installation to your own directory.

To copy the files under Windows:
1. Click Start, then click My Computer.
An explorer window opens.
2. Move to the Schrodinger software installation.

This installation is not in Programs and Settings, because the path to the software cannot
have spaces in it. It’s likely to be on your C drive, so start looking there if you don’t know
exactly where it is.

3. When you get to the installation, open the maestro-vversion folder.

Here, version is the 5-digit Maestro version number, for example, 75111. This folder
should contain a folder labeled tutorial.
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Open another explorer window and move to the place you want to keep the tutorial files.

For example, click Start, then click My Documents. You can create a folder to keep the
files in if you want to.

. Drag the tutorial folder from the first window to the second.

To copy the files under UNIX:

1.

Open a terminal window so that you have a command-line prompt.

The steps to open a terminal window vary slightly between operating systems, but it is
generally possible to right-click in your desktop and select an option like New Terminal
from the menu that appears.

Next, set the SCHRODINGER environment variable.

This environment variable contains the path to your installation of Maestro. How you set
the SCHRODINGER environment variable depends on the “shell” used in the terminal win-
dow. If you are using either the bash or ksh shell, enter the following command:

export SCHRODINGER=installation-directory
If you are using either the csh or the tcsh shell, enter the following command:
setenv SCHRODINGER installation-directory

In the commands above, installation-directory should be replaced with the path to the
directory where Maestro is installed. If you’re not sure which shell you’re using you can
type the command which $SHELL, which will return the location and name of the shell
that you’re using.

Change to a directory for which you have write permission.
cd my-directory
If you like, create a subdirectory for the tutorial, and change to that subdirectory.

mkdir -p my-subdirectory
cd my-subdirectory

. Copy the tutorial files to your current working directory with the following command:

cp $SCHRODINGER/maestro-vversion/tutorial/*.*

Here, version is the 5-digit Maestro version number, for example, 75111.

Many UNIX systems have a graphical file manager that operates much like a Windows system.
You can use this file manager to copy the files instead of typing the commands.

Maestro 7.5 Tutorial
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2.2 Starting Maestro
After you’ve installed Maestro, starting the program is a simple matter.

To start Maestro under Windows:

* Simply double-click the Maestro icon on your desktop.

The Maestro interface should appear after a short delay.

To start Maestro under UNIX:

1. Make sure that you’ve set the SCHRODINGER environment variable and moved to the
directory you want to work in

If you haven’t done this, follow the instructions under To copy the files under UNIX: in
the previous section.

2. Start Maestro by entering the following command:
$SSCHRODINGER/maestro &
The Maestro interface should appear after a short delay.

The “&” at the end of the line means that Maestro is run in the “background”, and you can
continue to use the terminal window. Without it, you would have to wait until Maestro
has finished running to type any other commands. (This has no effect on how well Mae-
stro runs.)

Here, version is the 5-digit Maestro version number, for example 70113. From here on, the
terminal and the command line are no longer used—all tasks can be performed within the
Maestro interface.

2.3 Features of the Maestro Main Window

Once you’ve started Maestro, you’ll want to take note of various features in the Maestro main
window, as shown in Figure 2.1.

» At the center of the interface is the Maestro Workspace, which remains empty until you
import structures, build molecules, or open a “project”.

¢ At the top of the Maestro interface is the Maestro menu bar, which gives you access to all
kinds of options, features, and programs.

* On the left-hand side of the interface is the main Maestro toolbar—all of the frequently
used Maestro tasks can be performed using the toolbar.
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Project Edit Display Tools  Applications  Scripts Menu bar
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Toolbar
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Auto-Help
text area

Figure 2.1. The Maestro main window.

e The status bar near the bottom of the window gives information about the number of
atoms and molecules in the Workspace, and also displays more specific structural infor-
mation when you pause the pointer over an atom in the Workspace.

* At the bottom of the window is the Auto-Help text area. This area automatically displays
a hint about the task you’re doing.

There are other features that can be added to the main window, that aren’t displayed by default.
You can display these features using the Display menu. For more information, see Section 2.2
of the Maestro User Manual.
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In this tutorial, you’ll be using the toolbar a lot, so it’s useful to know a bit about it
beforehand. Notice that in Figure 2.1, most of the buttons are dimmed, which
means they can’t be used. That’s because there’s nothing in the Workspace. The
toolbar is shown to the left with all the buttons active.

Many of the toolbar buttons have a little triangle in the lower right corner—we’ll
discuss those shortly. The ones that don’t are buttons that perform a simple action,
like opening a panel or changing the view of what’s in the Workspace. All you
need to do is click the button to perform the action.

The buttons that have little triangles in the lower right corner are menu buttons. If
you click and hold on any of these buttons, a menu appears to the lower right. This
menu is called a button menu. You can choose an item on the menu by continuing
to hold the mouse button down, moving the mouse until the item you want is high-
lighted, then releasing the mouse button. The menu disappears and the item you
highlighted is selected. We’ll call this action “choosing an item from a button
menu”. It’s just like choosing an item from any other menu. If you accidentally
click on the wrong button, just move the pointer out of the menu and release the
mouse button.

If you chose an item that represents a group of atoms or a structural feature—
Atoms, Bonds, Molecules, Residues, and so on—the toolbar button is indented
after you release the mouse button. This indicates that the button’s action will be
applied to the group of atoms you pick. When you move the pointer into the
Workspace, it turns into a small square with a letter beside it. The letter tells you
what you chose on the menu. The button indentation and the appearance of the
pointer tells you that Maestro expects you to click on an atom (“pick” an atom) or
bond in the Workspace to select some atoms. The action represented by the button
is then performed on these atoms. To get out of this “picking” mode, just click on
the button again. The button is no longer indented, and the pointer has its normal
appearance in the Workspace. When you display the button menu again, you’ll see
that the item you chose has a red diamond beside it.

Other items on the button menus can be groups of atoms to which the action is applied imme-
diately, options that are set, or properties that can be applied to structures. Some items open
dialog boxes in which you can perform an action or select atoms to apply the button’s action to.
Some examples of button menus are shown in Figure 2.2.

One of the useful features of the Maestro interface is the availability of help features. In addi-
tion to the Auto-Help text area, in the upper right-hand corner of the menu bar, you’ll see a
Help menu that can be used to find information about Maestro features. You may have also
noticed that when you pause the pointer over one of the buttons in the toolbar, a pop-up
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“tooltip” appears, with text that describes the function of the button. We’ll use this text to refer
to the buttons. (When you move the mouse again, it disappears.) All Maestro windows, called
panels, have a Help button at the bottom that can be used to display relevant information. If you
can’t find the information you need, you can also email help@schrodinger.com to get an
answer to your questions.

2.4 Importing a Maestro File

The most common operation within Maestro is the simple manipulation of structures in the
Workspace—they can be rotated, translated, and made to appear larger or smaller. But before
you can experiment with these manipulations, you’ll need to import some structures. To do so:

1. Open the Import panel by clicking on the Import Structures button on the toolbar. (You
can also open the panel with the keyboard shortcut CTRL+I.)

g

Take a moment to study the layout of the Import panel. In the top is the Path text box,
which displays the location of the directory that you’ll be importing structures from.
By default, the path is first set to your current working directory, but you can change this
setting by navigating through the Directories list. To the right is the Files list, which dis-
plays all of the files of the selected Format that exist in the selected directory. If you
correctly copied the tutorial structure files to your current working directory, you should
see the file small_molecule.mae in the Files list.

2. To import the file small_molecule.mae, either double-click on the file name, or click
the file name, and click Import.
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o N )
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Entries o | 1 All Hydrogens

= Monpolar Hydrogens
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Figure 2.2. Display only selected atoms and Display only button menus.
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Figure 2.3. The Import panel.

You’ll see that a structure appears in the Workspace. Take a moment to observe the color
scheme used. Carbon atoms are colored gray, nitrogen atoms are colored blue, oxygen
atoms are colored red, and hydrogen atoms are colored white. This commonly used color
scheme makes it easy to identify the elements in the Workspace.

3. Close the Import panel by clicking the Close button in the lower right corner of the panel.

If you’re curious about some of the options in the Import panel that weren’t used, you can
either click on the Help button in the Import panel, or see Section 3.1 of the Maestro User
Manual.
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2.5 Viewing a Structure in the Workspace

After importing a molecule into Maestro, you’re ready to manipulate the structure in the Work-
space. In this exercise, you’ll learn how to translate, rotate, and zoom in or out on a molecule,
You’ll also want to note that these manipulations require the use of a three-button mouse. If
you don’t have a three-button mouse (or a two-button mouse capable of three-button emula-
tion), you may want to consider obtaining one.

But first, a word about the axis system used by Maestro. The x axis is the horizontal axis, and
the y axis is the vertical axis. The z axis is the axis coming out of the screen towards you (this
is the positive z direction).

Now, let’s try some manipulations. And, by the way, when you do these manipulations, you
aren’t really changing the position of the molecule. It’s as if you were operating a video
camera, and you are changing the camera angle to get a different view of the molecule.

Rotating the molecule:

» To rotate the molecule left or right (around the y axis), place the pointer anywhere in the
Workspace, hold down the middle mouse button, and move the mouse to the left or right.

The pointer changes to an arrow going around in a circle, with the letters xy above it, to
show that you are rotating around the x (horizontal) or y (vertical) axis.

 To rotate the molecule up or down, (around the x axis) repeat the above step, but move the
mouse up or down.

You can rotate in both directions simultaneously by moving the mouse diagonally. If you
want to make sure you rotate only in the x direction or the y direction, hold down the
SHIFT key along with the middle mouse button.

» To rotate the molecule in the plane of the screen (around the z axis), place the pointer any-
where in the Workspace, hold down the CTRL key and the middle mouse button, and
move the mouse to the left or right.

The pointer changes to an arrow going around in a circle, with the letter z above it, to
show that you are rotating around the z axis (the one perpendicular to the screen).
Translating the molecule:

* To translate the molecule in the Workspace (change its position in the Workspace), place
the pointer anywhere in the Workspace, hold down the right mouse button, and move the
mouse left, right, up, or down.

The pointer changes to a pair of double-headed arrows perpendicular to each other, to
show that you are translating the Workspace structure.
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Zooming in or out:

* To zoom in on the structure, place the pointer anywhere in the Workspace, hold down the
middle and right mouse buttons, and move the mouse to the right.

The pointer changes to a magnifying glass, to indicate that you are zooming.

* To zoom out on the structure, repeat the above step, but move the mouse to the left
instead of to the right.

* It’s also possible to automatically “fit” the structure to the Workspace, so that it fills the
screen. To do so, simply click the Fit to screen button on the toolbar.

EEEEE

Saving the view:

You can also save the orientation of the Workspace, and return to it later. Here’s an example.

1. First, click the Save view button on the toolbar.

v
<>

2. Next, rotate the structure toward you by clicking on the Rotate around X axis by 90
degrees button.

o'

3. Rotate the structure 90 degrees to the right by clicking on the Rotate around Y axis by 90
degrees button.

-

ﬁl

4. Click on the Restore view button to return to the view that you saved in Step 1.

=
<>

Congratulations, you’re now manipulating structures in the Workspace. Feel free to practise
these operations until you are familiar with them. You can always restore the original view of
the molecule by clicking the Reset Workspace button:

e~

XYT
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2.6 Including and Excluding Entries in the Project Table

Now that you know how to manipulate structures in the Workspace, you’re ready to learn how
to include and exclude structures from the Workspace using Maestro’s Project Table. The
Project Table is where Maestro stores structures that you’ve imported. It can also be used to
manage the results of computations, and store structure-associated data. For now, though, we’ll
just use the Project Table to control which molecules are displayed in the Workspace. For more
information about the Project Table, see Chapter 8 of the Maestro User Manual.

1. Open the Import panel by clicking the Import structures button on the toolbar.

2. From the Format menu, choose SD.

This action causes all files in SD format (with the extension . sdf) to appear in the Files
list. There are many file formats used to store molecular structures, and Maestro can read
most of the common ones.

3. Double-click onmulti-structure_file.sdf to import it.
4. Click the Close button in the bottom right-hand corner of the Import panel to close it.

5. Click the Open/Close Project table button on the toolbar to open the Project Table panel.

A

In the Project Table, you’ll notice that several “entries”, represented by various rows with
text in them, are highlighted in yellow. These highlighted entries are the structures that
you just imported You’ll also notice a tan row with a “~” in the In column. This is the
label row for an entry group. When you imported the structures, they were added as a
group, named after the file they came from. You can open and close the group by clicking
its In column.

You can include the structures in the Workspace, or exclude them from the Workspace, by
clicking on the diamonds to the left of the title text (in the In column).There is no limit to
the number of entries that can be included in the Workspace. An “X” through the dia-
mond indicates that the structure is currently included in the Workspace. By default, only
the first new entry (in this case sd_molecule_01) is included in the Workspace when
you import multiple structures.

6. Include sd_molecule_02 in the Workspace by clicking the diamond next to its title.

(Later on, we’ll just say “Include entry in the Workspace”.)
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10.

When you click, the molecule that was originally in the Workspace, sd_molecule_01,
is excluded from the Workspace, and sd_molecule_02 is included in the Workspace.
This is the normal behavior: including one entry in the Workspace excludes all others.

To include both sd_molecule_02 and sd_molecule_03 in the Workspace, control-
click the diamond next to the entry for sd_molecule_03.

Holding down the control key when including an entry just affects that entry: other
included entries remain included.

. To clear the Workspace, control-click the diamond next to sd_molecule_02, and then

control-click the diamond next to sd_molecule_03.

Control-clicking the diamond for an entry that is already included in the Workspace
excludes it from the Workspace. This only affects whether or not the structure appears in
the Workspace—no atoms are deleted when excluding an entry.

To include sd_molecule_01, sd_molecule_02, and sd_molecule_03 in the Work-
space, click the diamond next to sd_molecule_01, then shift-click the diamond next to
sd_molecule_03.

Shift-clicking includes all entries between the two most recently clicked entries in the
Workspace.

Clear the Workspace by clicking the Clear Workspace button on the main toolbar.

-
=
This automatically excludes all entries from the Workspace. (Later on, we’ll just say
“Clear the Workspace™.)
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Figure 2.4. The Project Table panel.
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Figure 2.5. The Save As Project dialog box.

2.7 Saving the Maestro Project

Maestro “projects” are collections of structures and data that you can save in a designated loca-
tion and then return to later on. Because structures that you work with in Maestro are copies
that are saved to disk in a designated directory, structural changes that you make in Maestro
will not affect the actual files that you imported. If you’ve saved your Maestro project, these
copies are saved in the project directory that you specified. Otherwise, the copies are saved in a
temporary directory. In this exercise, you’ll save your project so that you can return to it later.

1. Click the Save as button in the main toolbar.

k=

The Save As Project dialog box appears.
2. In the Project text box, type a name for your project, such as tutorial.

3. Click the Save button.

Changes you make in the project are automatically saved, so there’s no need to save the
project again later.
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If you quit Maestro and want to re-open this project later, you can use the Open project button
on the Maestro toolbar.

~u

&

This button opens a file chooser in which you can navigate to the project and select it.
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Chapter 3

Building Molecules Using Maestro

Once you’ve mastered the process of starting Maestro and importing structures, you’re ready to
begin building structures of your own. Maestro’s Build panel supports a wide variety of 3D
building operations that can be used to easily create any reasonably sized chemical structure
that you’re interested in. You can even build polypeptides and DNA sequences, although
experimentally resolved structures of proteins and other macromolecules are freely available
online at http://rcsb.pdb.org/. (For protein sequences without experimentally resolved struc-
tures, Schrodinger’s Prime program can be used to predict the naturally occurring low-energy
protein structure.)

In this chapter, you’ll work through the process of creating three familiar analgesic drugs—
aspirin, tylenol, and ibuprofen—using Maestro’s Build panel. For a full description of the Build
panel and all its various features, see Chapter 4 of the Maestro User Manual. If you’d like to
learn about using Schrodinger software to prepare experimentally resolved protein structures
for calculations, see Chapter 4 of the Glide User Manual.

Building 3D structures is a multi-step process, and for any given structure there are many
different ways to create it. This tutorial suggests just one way of building these structures, and
is designed to introduce most of the useful facets of the Build panel rather than demonstrate the
quickest possible way to build this particular molecule. After you complete the exercises in this
chapter, feel free to rebuild these molecules without the aid of the tutorial, and see how the
process can differ.

o)
YO OH OH
o)
OH
o N
hd
o]

Figure 3.1. Aspirin, tylenol, and ibuprofen.
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If you make an error while working through the exercises in this chapter, keep in mind that you
can always undo your last action by clicking on the Undo button in Maestro’s toolbar:

e~
3.1 Opening the Build Panel

To begin the exercises in this chapter, we’ll simply open the Build panel and survey its contents.
To get started:
* Fither click on the Open/Close Build Panel toolbar button, or use the CTRL+B keyboard

shortcut to open the panel.

You’ll see the Build Panel open—along with the main toolbar, it contains all the tools you need

to perform the structure-building exercises in this chapter.

£ [=I[3l]
1 -k
ZI X+ (XX 2] Ay 41| 8 []
Atom Residue
Fragments] Propenies] Propenies]
i Place [~ Grow | Define grow bond
[7 Pick:  Atoms |
Fragments: Organic = |
o H H
(=G - W H™ R HJ\H H>=<H H—=—H
H
fragment
Fl‘. H @T @l ®. °|e q
H,s._.H.H H,N.H.H H’N.-P;H o"""oe H i};H osp‘.o_SH 095..0.39
a a j\ a
~H
. #ll\on HJIkoQ H /E,\ ﬁj\m,b
Acid 1 |
fragments Grows Direction:  forward _||
Jaoining Geometry: 1S = |
Close| Help |

Figure 3.2. The Build panel.
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At the top of the Build panel is a toolbar that allows you to quickly perform many common
build operations. Below the toolbar are three folders, Fragments, Atom Properties, and Residue
Properties. The Fragments folder allows you to simply build common, predefined substruc-
tures in the Workspace with one click—anything from simple organic fragments to more
complicated heterocycles. The Atom Properties folder allows you to set element types, formal
charges, and so on, although much of this behavior can be performed using the toolbar. The
Residue Properties folder can be useful when building polypeptides or refining protein struc-
tures, but is generally not needed when building small molecules.

3.2 Clearing the Workspace and Building with
Fragments

Now that you’ve opened the build panel, you can begin building the structure using Maestro’s
fragment libraries. These pre-defined groups of substructures and functional groups can be
placed in the Workspace or attached to existing structures, eliminating the need to manually
add every individual atom in a structure.

1. Begin by clicking the Clear workspace button on the main toolbar.

&
This simply “excludes” any structures that may currently be in the Workspace—no atoms

or molecules in existing structures are deleted. This button is dimmed if there’s nothing in
the Workspace, so you don’t need to click it.

2. Click the Fragments tab to display a selection of fragment libraries.
3. Choose Organic from the menu labeled Fragments.

4. Click on the phenyl fragment in the library in the center of the panel (see Figure 3.2).

>

5. To place the fragment, click near the center of the Workspace.

You’ll see the complete phenyl ring appear in “wire frame” representation. Carbon atoms
are colored gray, and hydrogen atoms are colored white.

Next, we’ll add an acid group to the ring. There are two acid fragments in the Organic
fragment library, one for adding at the C—H bond, and the other for adding at the O-H
bond. The bond that is replaced is indicated by a curved line.
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6. Click on the carboxylic acid fragment whose C—H bond is divided by a curved line.

7.

10.

11.

12.

u]

H_\ju\l:lH |

To place this fragment, click on any of the white hydrogen atoms in the Workspace.

When you move the pointer into the Workspace, it turns into a yellow square with an “A”
beside it. The square is the “target area”—when an atom is inside the square and you
click, that atom is selected for the operation you are doing.

Once you click, the hydrogen atom is replaced with a carboxylic acid group. Now you
have a benzoic acid molecule in the Workspace.

To complete the structure of aspirin, we need to add an acetate group. We can do this by
adding the other carboxylic acid group and a methyl group, in two steps.

. Click on the other carboxylic acid fragment, whose O—H bond is divided by a curved line.

]

g

H

Click on the ring hydrogen atom nearest to the OH of
the acid group, as indicated in the figure to the right.

The acid is added to form an ester, but it is a formate
ester, not an acetate ester. The last step is to add a
methyl group in place of the formate hydrogen.

Click on the methyl fragment.

f‘k-H
H H

Now click on the hydrogen of the formate group,
as indicated in the figure to the right.

The formate group is converted into acetate. You
should now have a structure that looks like the one
in Figure 3.3.
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Figure 3.3. The completed aspirin structure.

Congratulations! You’ve just successfully build aspirin (acetylsalicylic acid) in a few easy
steps using Maestro’s fragment library. In the following exercises, you’ll see how to adjust the
positions of the atoms in a molecule and transform this structure into other molecules.

3.3 Adjusting Angles

Some of the angles in the structure you’ve just built don’t look quite right. In this exercise,
we’ll adjust the C—O—C angle of the ester to make the structure look a bit better.

1. Click and hold on the Adjust button on the main Maestro toolbar (not the Build panel tool-
bar), and choose Angle from the menu that appears.

-

|

(If you don’t remember how to do this, see the explanation on page 7.)

Notice that the pointer changes to a yellow square with an “A” beside it, to indicate that
you are picking atoms, in this case to define the angle.

2. Click on the carbon atom in the ring, then the oxygen atom, then the carbon atom of the
carboxylate (see Figure 3.4).

At each click, a purple box appears around the atom. When you have clicked the third
atom, the boxes disappear and the angle is marked with a green line over the bonds and an
orange arrow, with the value of the angle next to it (see Figure 3.4).
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Figure 3.4. Selecting an angle.

3. Hold down the middle mouse button and move the mouse horizontally until the angle is
about 120° (this is called “dragging horizontally with the middle mouse button™).

You’ll see the angle and its value change as you move the mouse. The atoms that move
are the ones attached to the last atom you picked in Step 2.

4. Click and hold on the Adjust button on the main toolbar, and choose Delete Adjustments
from the button’s menu.

-

|

The lines and the arrow that marked the angles disappear from the Workspace.
5. Drag horizontally with the middle mouse button until the angle is about 0°.

6. Choose Delete Adjustments from the Adjust button menu on the main toolbar. (Click and
hold on the Adjust button, and choose Delete Adjustments from the button’s menu).

The lines and the arrow that marked the angles disappear from the Workspace.

7. Finally, click the Adjust button (click and release immediately, not click and hold) to
leave adjustment mode.
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3.4 Deleting and Labeling Atoms and Adjusting Formal
Charge

Acetylsalicylic acid is partially ionized in solution. In this exercise, you’ll delete the acidic
hydrogen, label atoms with structural information, and adjust the formal charge of an atom.

1. Choose Atoms from the Delete button menu on the main toolbar.

b 4

#

|

(If you don’t remember how to do this, see the explanation on page 7.) When you move
the pointer into the Workspace, it turns into a square with an “A” beside it, to show that
you are picking atoms, which will be deleted.

2. Click on the acidic hydrogen atom in the
Workspace.

The hydrogen atom is removed. If you make a
mistake when you delete an atom, you can
always click the Undo button to restore it.

3. Next, choose Formal charge from the Label
atoms button menu on the main toolbar.

&

a

You’ll notice that no new information appears
in the Workspace—that’s because the formal charge of all the atoms is still zero. The oxy-
gen atom of the acidic group needs to have a formal charge of —1 for a carboxylate anion.

4. Click the Decrement formal charge button on the Build panel toolbar.

The button is indented. When you move the pointer into the Workspace, it turns into a
square with an “A” beside it, to show that you are picking atoms, which will have their
formal charge decremented.

5. Click on the oxygen atom that the hydrogen atom was attached to.
You’ll see that the atom is then labeled with formal charge information (see Figure 3.5).

6. To undisplay the atom labels, choose Delete Labels from the Label atoms button menu.
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Figure 3.5. The ionized aspirin structure showing the formal charge.

Congratulations, you’ve just adjusted the geometry and formal charge of a structure. In the
next exercise, you’ll place the structure in the Maestro Project Table.

3.5 Saving Your Structure to the Project Table

Once you’ve created your structure, it’s time to place it in the Project Table. Placing your struc-
ture in the Project Table allows you to include and exclude the structure from the Workspace,
save it to disk, copy it, and add properties to it. First, we’ll open the Project Table (if it’s not
already open from the last chapter), then add the structure to it.

1. If the Project Table panel isn’t open, click the Open/Close project table button on the main
toolbar.

A

2. Click the Create entry from Workspace button on the main toolbar.

o

The Create entry from Workspace dialog box opens.

Create Entry from Y¥orkspace

Entry name: | aspirinl

Title: | ionized Rspirin

Create | Cancell

Figure 3.6. The Create Entry from Workspace dialog box.

Maestro 7.5 Tutorial



Chapter 3: Building Molecules Using Maestro

Table

| Project Table --- Scratch Projec

Select Entry  Property  ePlayer

28] 20l R ) v | e[| Jm v [mm[ ] 1 seces

1

At
2
3
4

£

5

Fow

In Title

() small melecule

® jonized aspirin

— |multi-structure_file
() sd_melecule_01

() sd_molecule_02

() sd_moelecule_03

surf

Close| Help |

Figure 3.7. The Project Table panel with the aspirin entry.

3. Set the Entry name to “aspirin” and the Title to “ionized aspirin”.

4. Click Create to add the structure to the Project Table.

The structure is added to the Project Table as an “entry” in the last row.

3.6 Copying and Renaming a Project Entry

For the next few exercises, you’ll need a copy of the aspirin structure that you just created.
We’ll create a copy by duplicating the aspirin entry and renaming it.

1. Make sure the aspirin entry is selected by clicking on its row number.

The entry should be highlighted in yellow, as in Figure 3.7, to show that it is selected.

2. From the Entry menu on the Project Table menu bar, choose Duplicate.

Another row appears in the Project Table, with the same title. This isn’t a problem for
Maestro, because the entry also has an “entry name” which is unique, but which is nor-
mally hidden. (If you want to see it, choose Show Entry Name from the Property menu.)

Now we’ll change the title, so we can tell which entry is which. (There’s no need to change the

entry name.)

3. Click in the Title column of the second row of the Project Table.

The table cell turns a slate blue, and a cursor appears at the end of the text, to indicate that
you can edit the contents of the table cell.

4. Change the title to “tylenol” and press ENTER.

The table cell turns back to yellow, and the cursor disappears. The title is now changed.
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Figure 3.8. The Project Table panel with the title highlighted in the duplicated entry.

3.7 Deleting Bonds and Reattaching Fragments

Now that you have duplicated and renamed the aspirin entry, you can modify the new entry to
create another molecule. This process can be useful when you want to make a series of mole-
cules that have a similar core structure but with different groups attached.

In this exercise, you’ll move the acetate group from the ortho position to the para position.
First, we want the new entry in the Workspace.

1. Click the diamond for the tylenol entry in the Project Table.

An “X” appears in the diamond, but no change is visible in the Workspace. That’s
because we haven’t made any change in the structure yet.

2. Choose Bonds from the Delete button menu on the main toolbar.

X

|

(If you don’t remember how to do this, see the explanation on page 7.) When you move
the pointer into the Workspace, it turns into a square with an “B” beside it, to show that
you are picking bonds, which will be deleted.

3. Click on the bond between the ring and the acetate oxygen (see Figure 3.9).
The bond disappears, and there are two fragments in the Workspace.
4. Click the Delete toolbar button again to exit Delete mode.

Next, we want to move the acetate fragment. Normally, when you move something in the
Workspace, everything moves. To move this fragment and leave everything else where it is, we
must perform a “local transformation”.
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Figure 3.9. Detaching, moving and reattaching the acetate fragment.

5. Choose Molecules from the Local transformation button menu on the main toolbar.

5
|
6. Click an atom in the acetate fragment.

This selects the acetate molecule for a local transformation. You can now move it without
moving the rest of the structure.

7. Drag the fragment with the right mouse button so that the oxygen atom that was attached
to the ring is near the para hydrogen of the ring (see Figure 3.9).

If you see a menu appear in the Workspace, it means that you were a bit too slow in drag-
ging the fragment. Just release the right mouse button and press it again to drag. If you
pressed it while the pointer was over an atom, a yellow dot appears on the atom. To get
rid of the dot, click the Workspace selection toolbar button, then click in the Workspace;
if you didn’t finish moving the fragment, click again on the Local transformation button.
These menus are shortcuts to various commands that you can apply to the Workspace or
to the selected atoms. We won’t be using them, but feel free to explore them.

Now we’ll reconnect the acetate fragment to the ring.
8. Click the Display Connect & Fuse panel button on the Build panel toolbar.

- ey
Y g
o W

The Connect & Fuse panel opens.
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Figure 3.10. The Connect & Fuse panel.
9. Make sure that Pick to define atom pairs and Show markers are both selected.

10. Click on the ring carbon atom in the para (or 4) position, then on the singly-bonded oxy-
gen atom of the acetate fragment (see Figure 3.9).

A purple box appears around the carbon atom on the first click, then on the second click,
a green dotted line appears between the two atoms, with yellow full lines on either side
(see Figure 3.9). In the Connect or fuse atoms list in the Connect & Fuse panel, the atom
numbers of the two atoms are displayed.

11. Click Connect.

A bond appears between the acetate oxygen and the ring carbon, and the hydrogen that
was attached to the ring is deleted. The methyl group of the acetate is very close to the
ring. We will adjust the structure later.

If you want to connect two molecules with more than one bond, you can select more atom
pairs. When you click Connect, a bond is created for each atom pair.

3.8 Adding Hydrogen Atoms to a Structure

Now that the acetate group is joined back on, we need to add a hydrogen atom to the place
where it was removed. Although you can add hydrogen atoms one-by-one to a structure, this is
unnecessarily tedious. Maestro allows you to automatically add hydrogen atoms wherever
they’re needed with just a few clicks of the mouse. In this exercise, we’ll add the missing
hydrogen atom to the ring, where we cut off the acetate group.

Missing hydrogen atoms can be added to any structure in the Workspace by double-clicking
the Add hydrogens button on either the Build panel toolbar or the main Maestro toolbar.
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* Double-click the Add hydrogens button to build the necessary hydrogen atoms.

+l

The ring carbon atom now has a hydrogen atom attached to it. For more information on the
Add Hydrogens feature, see Section 4.8 of the Maestro User Manual.

3.9 Substituting Functional Groups in Place Mode

When you built the aspirin structure, you added functional groups by clicking on hydrogen
atoms. The new group replaced the hydrogen atom. You can also substitute functional groups
in the middle of a molecule, provided they have similar sorts of connections. For example, you
can convert a hydrocarbon into an ether by replacing a -CH2- group with an —O— group. In
this exercise, you’ll convert the acetate group into an acetamide group.

1. In the Build panel, click on the amine fragment.

#
M.

=My

i H

2. Click on the oxygen atom that connects the acetate group to the ring.

The oxygen atom is replaced with an NH group: the acetate group is now an acetamide
group.

Figure 3.11. The structure after conversion of acetate to acetamide.
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Figure 3.12. Moving the grow bond.

3.10 Replacing Functional Groups in Grow Mode

Maestro has two modes for adding or replacing fragments in a molecule, “Place” mode and
“Grow” mode. So far, you have been using Place mode, in which you click to place a fragment
in the desired location. In Grow mode, the location of the fragment is determined by the “grow
bond”, which is displayed in the Workspace as a green arrow. This mode is very useful for
rapidly adding fragments to a molecule. All you need to do is to click on the fragment you
want to add next, and it’s added to the structure. You can also use Grow mode to replace frag-
ments, which is what you’ll do in this exercise.

1. In the Build panel, select Grow.

A green arrow appears on the C—H bond next to the carboxylate group (see Figure 3.12).
This isn’t the place we want to add a fragment, so we’ll move the grow bond. (It’s possi-
ble that the green arrow might be somewhere else, but it doesn’t matter if it is.)

2. Make sure that Pick is selected in the Define grow bond section, and that Atoms is
selected on the Pick menu.

3. Click on the ring carbon that’s attached to the carboxylate group, then on the carboxylate
carbon (see Figure 3.12).

The green arrow moves to the bond you just picked, and is pointing towards the carboxy-
late. If you had picked the atoms in the other order, the bond would be pointing in the
opposite direction. The atom that the arrow head points to is the one that is replaced.
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4. Click on the hydroxyl fragment in the Build panel.

ELE Y
H H

The carboxylate is replaced with a hydroxyl group.

5. Deselect Grow in the Build panel.

3.11 Adjusting a Dihedral Angle

Finally, the acetyl group needs to be rotated around the C—N bond because the methyl group is
too close to the ring hydrogen. We’ll change a dihedral angle to do this.

1. Choose Dihedral from the Adjust button menu on the main toolbar.

-

|

2. Click on the carbon atom in the ring that the nitrogen atom is attached to, then the nitro-
gen atom, then the carbonyl carbon atom, and finally, the oxygen atom (see Figure 3.13).

At each click, a purple box appears around the atom. When you have clicked the fourth
atom, the boxes disappear and the angle is marked with a red line over the bonds and a
turquoise arrow, with the value of the angle next to it. The angle should be about 180° (it
might be plus or minus).

Figure 3.13. Selecting a dihedral angle.
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Figure 3.14. The completed tylenol structure.

3. Hold down the middle mouse button and move the mouse horizontally until the angle is
about 0°.

You should see the acetyl group rotate around the C—N bond as you move the mouse.

4. Choose Delete Adjustments from the Adjust button menu on the main toolbar.

-

|

The lines and the arrow that marked the angles disappear from the Workspace.
5. Finally, click the button again to leave adjustment mode.

Congratulations! You have just turned aspirin into tylenol. You’ve also learned how to use
Grow mode, replace functional groups in both Grow and Place modes, and detach and reattach
fragments.

In the remaining exercises, you’ll convert tylenol into ibuprofen.

3.12 Duplicating a Project Entry

Before we go ahead with the structural changes, we need to duplicate the tylenol entry and
rename it.

1. Make sure the tylenol entry is selected in the Project Table by clicking on its row number.
The entry should be highlighted in yellow.
2. From the Entry menu on the Project Table menu bar, choose Duplicate.

Another row appears in the Project Table, with the same Title.
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3. Now change the title to “ibuprofen”. If you aren’t sure how to do this, see Section 3.6 on
page 25.

4. Finally, click the In column of the new entry to place it in the Workspace.

We now have a new entry, and we will convert the structure in it to ibuprofen.

3.13 Changing Bond Orders

So far, we haven’t had to change any of the bond orders. The functional groups we added
already had the correct bond orders. In this exercise, the first thing to do is to change some
bond orders. Maestro has a very easy way of changing bond orders. We’re going to experiment
with adjusting bond orders while we prepare the structure for the next step.

1. In the Build panel, click the Decrement bond order toolbar button.

(.

2. In the Workspace, click on the carbonyl C=0O bond.
The double bond turns into a single bond.

3. In the Build panel, click the Increment bond order toolbar button.

Qi

4. In the Workspace, click on the C—N bond between the carbonyl carbon and the nitrogen.

You’ll see the bond order increase, and the number of hydrogen atoms is automatically
adjusted.

5. Click again on the carbon-nitrogen bond.

The bond is now a triple bond, but the bonds to the other atoms aren’t changed. Maestro
lets you violate the valences of atoms when adjusting bonds, because it’s sometimes more
convenient to increase the bond order of one bond before decreasing the bond order of
other bonds. Before you finish changing bond orders, don’t forget to make sure that the
valences are correct. Now we’ll set the bond orders the way they need to be.

6. In the Build panel, click the Decrement bond order toolbar button.

(i
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Figure 3.15. The incremented C-N bond showing the valence violation.
7. In the Workspace, click twice on the carbon-nitrogen bond.

The triple bond turns back into a single bond. The hydrogen atoms aren’t added back
again, so the nitrogen is missing a hydrogen atom. We’ll add hydrogens later, when we
have finished changing the rest of the structure.

3.14 Changing Elements

Once you’ve built a molecule, it’s possible to change the atoms in the molecule to atoms of a
different element without deleting and then rebuilding a substructure. In this exercise, you’ll
see how to change elements using the Build panel. This is the next step in converting tylenol to
ibuprofen.

1. Choose C from the Set element button menu on the Build panel toolbar.

1
-Pl-
1

F|

2. Click on the nitrogen atom, then on the two oxygen atoms.

The blue nitrogen atom and the red oxygen atoms are replaced with gray carbon atoms,
changing the side chains into hydrocarbon chains. No hydrogen atoms were added to the
carbons—we’ll add these in a later exercise.

For less commonly modeled elements that aren’t available from the toolbar, you can click the
Atom Properties tab, choose Element from the Property option menu, and then select an
element in the periodic table by clicking on it. Clicking on an atom in the Workspace then
changes it to the selected element.
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Figure 3.16. The structure after conversion of N and O to C.

3.15 Adding Atoms by Freehand Drawing

Although the Build panel contains a variety of common fragments that can be combined to
form complex molecules, it is sometimes useful to build parts of your structure manually. In
freehand drawing mode, Maestro allows you to do just that. This exercise will introduce you to
the freehand drawing tool as you continue to convert tylenol to ibuprofen. For more informa-
tion on freehand drawing in Maestro, see Section 4.3 of the Maestro User Manual.

1. Click and hold the Draw structures button on the Build panel toolbar, and choose C from
the menu that appears.

7
4

This action sets the element type to carbon. The menu allows you to choose from a vari-
ety of common elements, including hydrogen, oxygen, nitrogen, sulfur, and phosphorous.

2. Click on the carbon atom attached to the ring that only has a hydrogen attached to it (see
Figure 3.17).

A purple box appears around the atom, indicating that you’ve selected this atom (the
“active” atom) as the starting point for the next drawing operation.

3. Click near the hydrogen atom to place a new carbon atom (see Figure 3.17).

You’ll see that a new carbon atom is placed and bonded to the first carbon atom. It’s only
a carbon atom—it doesn’t have any hydrogens attached to it. We’ll add those later.

Maestro 7.5 Tutorial

35



Chapter 3: Building Molecules Using Maestro

36

Figure 3.17. Adding a carbon atom by drawing.

4. Click again on the new carbon atom.
The purple box disappears, to show that you’ve finished drawing at this location.

We need to add a carboxylic acid group to the carbon atom. We could do this with the frag-
ments, but this time we’ll do it by drawing.

5. Click on the same carbon atom as you clicked on in Step 2 (see Figure 3.18).
The purple box around the atom reappears.

6. Click near this carbon atom, but away from the carbon and hydrogen atoms (see
Figure 3.18).

Another new carbon atom is placed and bonded to the first carbon atom.
Now, we’ll change the element we’re drawing with to oxygen, so we can draw the acid group.
7. Choose O from the Draw structures button menu on the Build panel toolbar.
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Notice that the purple box is still on the carbon atom you placed. This means that drawing
is still active, and you can click in the Workspace to place a new atom that is bonded to
this atom, but this time it will be an oxygen atom.
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8. Click near the active carbon atom (see Figure 3.18).

A red oxygen atom appears, bonded to the carbon atom, but the bond is only a single
bond. We could use the toolbar buttons to increment the bond, but this time we’ll draw in
the second bond.

9. Click back on the carbon atom that’s bonded to the oxygen (see Figure 3.18).

The bond changes from a single bond to a double bond, and the carbon atom becomes the
active atom. Notice that, even though we are drawing with oxygen, the carbon atom
didn’t turn into an oxygen atom. If you click on an atom that’s already there, it doesn’t
change to a different element. That’s very useful for drawing in bonds—you don’t have to
worry about which element you have selected.

10. Click again near the active carbon atom, away from the other a